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head. A summary of all the coccolithophorid data from 1977 show considerable variation within the area investigated with regard to the number of species present in each sample, as well as regarding the local distribution of certain species. The biogeography of the species recorded from West Greenland is considered. The inclusion of several records from nanoplankton investigations of Danish waters show that very few (if any) of these species are distributionally restricted to arctic or subarctic regions.
During a stay at the Danish Arctic Station at Godhavn (West Greenland) in the summer of 1977, several water samples were taken from the sea and processed for electron microscopy in order to study the nanoplanktonic flora and fauna. The subsequent examination of the approximately 150 grids led to the enumeration of more than 100 organisms several of which were coccolithophorids (i.e. calcified members of the Prymnesiophyceae, formerly Haptophyceae). In previous papers some of these have been described as new taxa (Thomsen, 1980a,b,c,d) , and the present paper adds yet another new coccolithophorid species: Papposphaera sarion sp.nov.
As a conclusion to the taxonomical working up of the nanoplanktonic coccolithophorids, the geographical distribution of the genera and species recorded from West Greenland is summarized at the end of this paper, stressing local distributional patterns, as well as the global biogeography of the different taxa.
MATERIALS AND METHODS
The material for this investigation was collected in late July and early August 1977 at several localities and depths in the vicinity of Godhavn, West Greenland (Fig. 1) . The station numbers indicated in Fig. 1 are used throughout the text to identify sampling localities. Most of the water samples were collected from the deck of R/V "Porsild", a small boat belonging to the Danish Arctic Station at Godhavn. The sampling gear comprised Nansen water bottles for taking samples from greater depths, a hose connected to a hand-operated pumping system effective down to approximately 60 m, and a bucket for surface samples. The salinity of the samples ranged from 24-2 to 33"7%0 S, and the temperature varied from 0 to 13°C. The water samples were brought with the least possible delay to the Danish Arctic Station for processing. Whole mounts were prepared from material concentrated by centrifugation alone (st. 3, 30,40,50 m; st. 5; st. 7, 10,60,100,200,300 m; st. 8; st. 10) , or alternatively by a combination of filtration through 3/~m Millipore filters and subsequent centrifugation of the filtrate (st. 1, 5,30,50 m; st. 2, 0,I0 m; st. 3, 15 m; st. 4, 0,60 m; st. 5; st. 6, 0,60,100,200,300 m; st. 9; st. 11 ; st. 12; st. 13) . In either case the water samples were prefiltered through 20 or 45 #m nets in order to remove the larger plankton organisms. The volumes processed were approximately 250 ml (centrifugation) or 2-3 1 (filtration/centrifugation). Small drops of the concentrate were placed on carbon/formvar coated grids, and fixed in osmium tetroxide vapour (of a 2% aqueous solution). The grids were thoroughly washed to remove salt crystals before they were stored in gelatine capsules.
At the Institut for Sporeplanter, University of Copenhagen, the grids were shadowcast with gold/palladium and viewed on a JEM-T8 electron microscope.
OBSERVATIONS

Pappomonas Manton & Oates
P. virgulosa Manton & Sutherland
A few cells morphologically very similar to the West Greenland type material (Manton & Suthedand, 1975) were seen in two samples (st. 4,6) both from 60 m depth. P. virgulosa is presently known from West Greenland (Manton & Sutherland, 1975) , S. Alaska (Manton et al., 1976a) , Finland (Thomsen, 1979) , and Denmark (Thomsen, unpublished) . Manton & Oates Figs 3 and 4 Five cells appeared in four different samples [st. 3 (40 m) ; 4 (60 m); 6 (60 m); 8 (0m) 1.
P.flabellifera Manton & Oates var.flabellifera
The characteristic appendages (overlapping half blades, prolonged outer tips, short attachment area between stalk and blade) of this variety are shown in Figs 3 and 4. P.flabellifera var.flabellifera is at present known from South Africa (Manton & Oates, 1975) , Denmark (Thomsen, unpublished) , and West Greenland. Manton & Oates var. borealis Manton, Sutherland & McCully Fig. 2 Observed in three samples [st. 4 (60 m); 80 m); 10 (0 m) ]. The 60 m sample from st. 4 was particularly rich in species.
P. flabeltifera
The two varieties of this species are distinguished by minor morphological differences regarding the elaboration of the flabelliform appendages. In var. borealis (Fig. 2 ) the distal edge is dentate, the central cleft rather distinct, and the non-overlapping half blades attached to the shaft for a longer distance, at least half the blade length ( P. flabellbeera var. borealis has been recorded from West Greenland (Manton & Oates, 1975) , S. Alaska (Manton et al., 1976a) , and Denmark (Thomsen, unpublished) .
Papposphaera Tangen
P. SARION sp. nov.
(from Greek sarion, a small broom)
DIAGNOSIS
CeUula sphaerica, circiter 7/~m diam. Flagella et haptonema non observata. Periplastus e coccolithis uniformibus aeque distributis formatus. Lamina basalis coccolithi ovalis, circiter 1.7 × 1.2 ~m diam., manifesto radiatim striata, crystallitis parvis bacilliformibus marginata, crystallitis magnis subhexagonis 0.5-0.8/~m altis basi circitcr 0.3 ~m latis super cos in plutcum spectabilem compactis angulum circiter 100 graduum cure lamina basali formantem. Appendix centralis coccolithi 1.9-3.6 ~m alta, scapo e crystallitis parvis bacilliformibus multis formato in quattuor series dispositis in brachia fulciminis cruciformis transeuntcs, parte apicali fasciculiformi, e quattuor crystallitis bacilliformibus circiter 1.0 ~m longis formata.
Die 1 Augusti anni 1977 in aqua circiter 5 graduum Celsii salinitatis circiter 33%° 60 m sub aequore prope oppidum groenlandicum Godhavn lecta, figura 5 typifica monstrata.
Cell spherical, c. 7 pm in diameter. Flagella and haptonema not observed. Periplast composed of uniformly distributed coccoliths of one type only. The coccolith base-plates are oval, c. 1-7 × 1-2 ~m, and distinctly radially striated. Along the edge of the base-plate is a ring of small rod-shaped crystallites. Large approximately pentagonal crystallites, 0.5-0.8 ~m long, and c. 0.3 ~m wide at the proximal end, form a conspicuous marginal ring. The angle to the base-plate is approximately I00 degrees. The central appendage is 1.9-3-6 ~m long. The shaft is composed of numerous small rod-shaped crystaltites, arranged in four rows continuous with the cruciform struts of the base-plate. Distally the coccolith appendages carry four c. 1-0 ~m long crystaltites.
Type micrograph: Fig Several of the characteristics outlined in the specific diagnosis (i.e. the possession of uniformly distributed coccoliths of one type only, all furnished with a conspicuous columnar appendage, a crown-like marginal ring, and cruciform struts connecting the centrally positioned appendage to the coccolith edge) at once show that the present species belongs to the genus Papposphaera (Tangen, 1972) .
In addition to the generic type, P. lepida Tangen (Tangen, 1972) , a second species, P. sagittifera Manton, Sutherland & McCully (Manton et al., 1976a) , has recently been allocated to the genus. P. sarion is basically very much like P. lepida as described by Tangen (1972) and later reinvestigated by means of transmission electron microscopy (Manton & Oates, 1975 ), yet clearly distinguished by the possession of four elongated narrow crystallites terminating the central appendage ( Fig. 5 ). In P. lepida the appendage head consists of a rosette of four petal-like blades. Another less conspicuous difference between the generic type and P. sarion relates to the appearance of the shaft. In P. tepida this central shaft appears smooth, whereas in P. sarion it is composed of many distinct rod-shaped crystallites, giving the shaft a much more irregular appearance ( Fig. 5 ). From Figs 5 and 7 it is evident that these crystallites are arranged in four vertical rows, each of them continuous with one strut of the cruciform crystallite arrangement of the base-plate ( Fig. 5 ). Only minor differences, mainly related to size, distinguish the coccolith bases ofP. sarion from those ofP. lepida (Manton & Oates, 1975) .
It is somewhat doubtful whether the rectangular crystallites ( Fig. 5 , arrows) are genuine parts of the cruciform base-plate structure or rather dislocated crystallites. No such large base-plate crystallites have so far been observed in P. lepida. In P. sagittifera (Fig. 9 , arrow) a single coccolith seems to show a somewhat similar large asymmetrically positioned crystallite. Much more material has to be examined before the possible significance of these larger "baseplate" crystallites can be evaluated.
P. sarion differs from P. sagittifera regarding the morphology of the quadripartite appendage heads (compare Fig. 5 and Fig. 9 ), and also with regard to the structure of the coccolith bases (see later).
As pointed out previously the two genera Papposphaera and Pappornonas appear to be closely related (Manton et al., 1976a) . This relationship is further stressed by the finding of P. sarion which has an appendage head composed of four elongated crystallites, in that respect very similar to Pappomonas virgulosa (Manton & Sutherland, 1975) .
P. sagittifera Manton, Sutherland & McCully
Figs 9-13 P. sagittifera was described on the basis of a single cell from South Alaska (Manton et al., 1976a) . During the examination of the West Greenland material, this species was observed in two samples [st. 3 (50 m); 4 (60 m)]. Altogether 10 specimens were photographed, making possible a detailed study of the species.
In electron microscopical whole mounts the cell body appears somewhat elongated, c. 8/zm long and c. 6 tzm wide. Flagella are present on some of the specimens, but always irregularly coiled and partly covered by the protoplast, rendering measurement impossible. So far a haptonema has not been observed in P. tepida (Tangen, 1972; Manton & Oates, 1975) , and only noticed with some uncertainty in P. sagittifera (Manton et al., 1976a) . In the present material, however, a partly demineralized cell with an unmistakable coiling haptonema has been found ( Fig. 11) , thus confirming the expected presence of a haptonema also within this genus.
The whole cell body is covered with coccotiths carrying highly characteristic columnar appendages. The shaft is composed of small rod-shaped crystallites probably arranged in four rows (Fig. 9 ). The quadripartite appendage head is in most cases similar to that of the type material (Manton et al., 1976a) . Figure 10 shows a variant type which appears very regular distally, lacking the prolonged outer tips of each triangular blade.
Although all coccoliths are basically similar, minor differences exist. Thus, the central appendages of the anterior coccoliths are considerably longer (2-7-3-4 tzm) than those of the posterior coccoliths (1.8-2.0/~m) ( Fig. 13) .
As the single protoplast from S. Alaska appeared very compact, it was not possible to observe the coccolith bases (Manton et al., 1976a) . Quite surprisingly, the present material shows that the coccolith bases of P. sagittifera differ very markedly from those ofP. lepida (Manton & Oates, 1975) and P. sarion (present paper). The four rows of crystallites forming the shaft of the columnar appendages continue as cruciform struts to the edge of the coccolith base-plates FI~s 9-12. Papposphaera sagittifera. Fig. 9 . Part of the cell shown in Fig. 13 . Notice the many parallel rows of crystaUites on the base-plate surfaces. Arrow points to a large rectangular "base-plate" crystallite (cf. Fig. 5 ). Micrograph T 2647, x 20,000. Fig. 10 . Detail of appendages with triangular appendage head blades. Micrograph T 2748, × 10,000. Fig. 11 . Partly demineralized cell with one flagellum and coiling haptonema. Only the marginal ring crystallites and the appendage heads appear to be still mineralized. Micrograph T 2016, x 9,000. Fig. 12 . Part of periplast. Arrows point to coccoliths in side view which show the struts connecting the central appendage with the coccolith rim. Micrograph T 2655, x 12,000. (Figs 9 and 12) . In each quadrant, delimited by the cruciform struts and the margin of the base-plate, one or two extra rows of narrow rectangular crystallites are found, arranged parallel to the long axis of the base-plate (Figs 9 and 12 ). This latter characteristic is unique. In P. lepida and P. sarion (Fig. 5 ) the quadrants appear wholly unmineralized.
The marginal ring of the P. sagittifera coccoliths is very much like that of both P. lepida and P. sarion. It is composed of a basal ring of narrow rod-shaped crystailites, and an erect scale-rim made up of rather large approximately pentagonal crystallites, up to 0.25/~m long (Figs 9 and 12) .
The present material does not give much information on the fine structure of the oval organic coccolith base-plates (c. 1-7 x0-9/~m). Delicate radiating ridges are observed only rarely.
The extended description of P. sagittifera does not seriously question the generic affiliation of the species, but further emphasizes the close relationship between the genera Papposphaera and Pappomonas. Not only do the appendage heads of P. sagittifera somewhat resemble those of Pappomonas flabellifera as already emphasized by Manton et al. (1976a) , but also the elaboration of the coccolith bases appears rather similar to that observed within species of Pappomonas (see e.g. Fig. 2 ). The P. sagittifera cell polarity, as expressed by the anterior and posterior cell-end differences in shaft length, also points towards the genus Pappomonas in which the central appendage is suppressed almost completely except in the flagellar pole coccoliths (see e.g. Manton & Sutherland, 1975) .
P. sagittifera is presently known from two localities only: S. Alaska (Manton et al., 1976a) and West Greenland. The only difference between the Baltic type material (Thomsen & Oates, 1978 ) and the West Greenland specimens (Figs 14 and 15 ) appears to be the length of the flagella, 20-26 tzm versus 12.5-16 ffm.
Known distribution: Denmark (Thomsen & Oates, 1978) , Finland (Thomsen, 1979) , and West Greenland.
Caleiareus Manton, Sutherland & Oates C. alaskensis Manton, Sutherland & Oates
Figs 16-18 During investigations on nanoplankton from Homer (S. Alaska) a single empty periplast of a highly unusual coccolithophorid was found and referred to a new genus Calciarcus (Manton et al., 1977) .
A second cell, possibly referable to C. alaskensis, has been discovered in the West Greenland samples from 1977 at st. 4 (60 m) (Figs 16-18 ). The circular scales of the outer layer measure c. 0.5/zm in diameter. Three converging struts (c. 0.3 t~m long) are present on each scale (Figs 17 and 18) . Each strut is composed of 5-8 calcite crystals (Fig. 17, arrows) with a side length of approximately 0-04 t~m. The length of each strut, compared with the radius of the subtending plate, indicates that the triangular superstructure is probably raised above the subtending base-plate. Underlayer scales have also been observed (Fig. 17,  arrowhead) .
In comparison with the type material (Manton et al., 1977) the West Greenland specimen shows one very interesting difference. Whereas the coccoliths of the S. Alaskan cell are described as having superstructures each composed of four struts, the West Greenland coccoliths (Figs 17 and 18 ) have three-stranded superstructures. Much more material must, of course, be examined before the taxonomical importance of this difference can be evaluated. The West Greenland specimens are almost identical with the South African type material (Manton et al., 1977) . A very conspicuous variation in the width of the wing-like lamina of the superstructure has, however, been noticed (0.3-1.0/~m), as opposed to the relative uniform width (0.4-0-6 t~m) in the type material. In all specimens examined the coccolith superstructures are characterized by a certain asymmetry, one wing is always considerably larger than the other (about twice as large). This size difference also characterizes the specimens from S. Africa and S. Alaska (cf. Manton et al., 1977, loc. cit . Figs 15 and 21) .
W. annulifera is known from S. Africa and S. Alaska (Manton et al., 1977) and West Greenland.
W. arctica Manton, Sutherland & Oates
Figs 19, 20 A few whole cells and several loose coccoliths were observed in five samples [st. 3 05 m); 4 (60 m); 5 (0 m); 6 (60 m); 7 (100 m)].
In most details the present material appears identical with the type material, which also came from Godhavn, collected in 1972 (Manton et al., 1977) . The rods of the coccolith superstructure are, however, somewhat longer (2.1-2.5/zm) FIGS 19, 20. Wigwamma arctica. Fig. 19 . Whole cell. Micrograph T 2648, × 12,000. Fig. 20 . High magnification of single coccolith. Arrows point to much enlarged ringcrystallites. Micrograph T 1752, x 20,000. than those of the type material (c. 1-5/~m), due to a considerable enlargement (c. 1.0 t~m) of the rim crystallites which act as points of attachment for the superstructure (Figs 19 and 20) . The coccoliths thus appear pentagonal in side view (Fig. 19) rather than triangular and "wigwam"-like (Manton et al., 1977) . The erect part of the enlarged ring crystallites is 0.07-0.09 tLm wide, whereas the converging rods are only 0.05/zm wide (Fig. 20) .
W. arctica is presently known from West Greenland and arctic Canada (Resolute Bay) (Manton et al., 1977) , and Denmark (Thomsen, unpublished) .
Turrisphaera Manton, Sutherland & Oates T. borealis Manton, Sutherland & Oates
Several cells appeared in five samples [st. 3 (15 m); 4 (60m); 6 (60 m); 7 (100 m); 8 (0 m)]. Most cells were observed in the 60 m sample from st. 6.
Regarding cell size and coccolith morphology the present material agrees with the type material, which also came from West Greenland (Manton et al., 1976b) .
7". borealis is recorded from West Greenland, arctic Canada (Resolute Bay) and S. Alaska (Manton et al., 1976b) .
T. arctica Manton, Sutherland & Oates
One cell resembling T. arctica (Manton et al., 1976b) was observed in a water sample from st. 7 collected at 100 m depth.
This species was described with a certain reservation as to specific distinctness (Manton et al., 1976b) , and the present find does not in that respect add any further positive or negative evidence. During investigations on nanoplankton from Danish waters, only T. arctica-like cells have, however, been observed (Thomsen, unpublished) , and not even a single cell resembling T. borealis. This observation, though indirectly, supports the concept of T. arctica as a distinct entity.
T. arctica is known from arctic Canada (Resolute Bay) and S. Alaska (Manton et al., 1976b) , Denmark (Thomsen, unpublished) , and West Greenland.
DISCUSSION
Several of the samples examined did not reveal any coccolithophorids at all [e.g. all samples from st. 1; st. 6 (100, 200, 300 m); st. 7 (200, 300 m)]. The Disko Fiord samples (st. 1) were generally very poor in species. Conditions in this locality are influenced by large amounts of inorganic material originating from land drainage, primarily melting of inland ice. The enormous quantities of suspended matter seriously affect the transparency of the water column, thus creating highly unsuitable conditions for the autotrophic planktonic species in general, and indirectly also for the heterotrophic components of the plankton. The deep-water samples mentioned above were similarly poor in autotrophic plankton organisms due to the unfavourable light conditions prevailing at those depths. Heterotrophic species (e.g. the choanoflagellates) were, however, not uncommon in the deep-water samples feeding on organic material derived from the large plankton population of the photic zone.
The other extreme with regard to occurrence of coccolithophorids was represented by the 60 m sample from st. 4. Fourteen out of the 16 coccolithophorid taxa recorded from the whole area was observed in this single water sample, which additionally showed a very dense population of choanoflagellates (l 6 species), Dinobryon balticum (Schiitt) Lemm., Dinobryon petiolatum Will6n, Phaeocystis pouchetii (Hariot) Lagerh., and Meringosphaera mediterranea Lohm. The two coccolithophorids not observed in this sample were Papposphaera sarion and Turrisphaera arctica.
Eight species of coccolithophorids were observed at st. 6 (60 m) and six species at st. 8 (0 m) and st. 3 05 m). In most of the remaining samples one to three species were found.
It is interesting to notice that samples rich in coccolithophorids were almost With regard to the distributional patterns of individual species within the area investigated, the most obvious case of non-random distribution is that of Balaniger balticus.
This species was described from mesohaline Danish waters (Thomsen & Oates, 1978) , and later observed in samples from oligohaline Finnish coastal waters (Thomsen, 1979) . These findings collectively suggest that B. balticus differs from most coccolithophorids by preferring brackish water (salinity range of the Danish and Finnish samples yielding B. balticus: 5"5-17-9%o S). Perhaps somewhat surprisingly B. balticus was also observed in samples from West Greenland. The majority of the cells, however, appeared in a single surface sample from Torskebugten (st. 10) in the Godhavn harbour area. In the whole of Disko Bay, and particularly in the coastal areas, where huge icebergs are repeatedly grounded, the surface water is considerably influenced by meltwater. As the air-temperature was rather high in July and August 1977 (15-20°C) the meltwater must have been a factor of considerable importance in determining the surface water salinity. The surface layer in the coastal region is moreover influenced by a certain admixture of fresh water from the river "Rode Elv" which flows into the Disko Bay immediately east of Godhavn. A prevailing westbound surface current carries the fresh water effluence along the coast, thus virtually cutting off the harbour area from the Disko Bay proper. In view of these salinity-reducing factors, the frequency ofB. balticus at st. 10 is not inconsistent with the interpretation of this species as a coccolithophorid avoiding sea water of full strength.
Contrary to Balaniger balticus which shows a much restricted distribution Quaternariella obscura Thomsen (Thomsen, 1980d) and Trigonaspis diskoensis Thomsen (Thomsen, 1980a) are the most widely distributed coccolithophorids within the area--appearing in 40 % of all samples examined. Table I summarizes our present knowledge concerning the global distribution of the nanoplanktonic coccolithophorids recorded from West Greenland. References for the findings are given as footnotes, and the stations are shown in 1 Manton & Sutherland, 1975 8 Manton et al., 1977 2 This paper 9 Thomsen, 1980c 3 Manton et al., 1976a 10 Thomsen, 1980a 4 Thomsen, unpublished data 11 Manton et al., 1976b 5 Thomsen, 1979 12 Thomsen, 1980b 6 Manton & Oates, 1975 13 Thomsen, 1980d 7 Thomsen & Oates, 1978 , which also shows the extension of the arctic and subarctic zones as defined by Dunbar (1951) .
It appears relevant to compare the West Greenland collections from 1972 (Manton & Oates, 1975; Manton & Sutherland, 1975; Manton et al., 1976a Manton et al., , b, 1977 with those from 1977 (Thomsen, 1980a, b, c, d, and present paper) . The four species observed in 1972 were all found again in 1977, apparently forming a stable element in the Disko Bay plankton. The observation of no less than 12 additional species in 1977 may be explained in different ways. Firstly, the variation may be the result of a certain seasonality, the collections from 1972 being made in June, those from 1977 in late July and early August. Secondly, it seems possible that differences in weather conditions may be an operative factor. In glaring contrast to the 1972 situation the whole sampling period in 1977 was characterized by unusually high air temperatures and there were no prolonged windy periods. Thirdly, but not least, it appears very likely that sampling strategy could be the decisive factor. By far the richest coccolithophorid samples taken in 1977 came from 50-60 m depth. In 1972 only the uppermost layers were analyzed.
Most of the genera and species listed in Table I have arctic or subarctic typelocalities. However, the inclusion of previous data from investigations of Danish waters (Thomsen, unpublished) reveals that very few (if any .9) of the species are restricted to arctic or subarctic areas (cf. Fig. 21 ). It should perhaps be emphasized that arctic water is hardly ever carried into the North Sea and from there into the inner Danish waters as the northern continuation of the Gulf Stream bars the way by reaching down to the sills at the entrance. The occurrence in Danish waters thus makes it probable that these species are indigenous throughout the boreal, subarctic and arctic areas.
FIo. 21, Map of the northern seas. Distribution of arctic and subarctic (stippled) water masses is indicated [redrawn from Dunbar (1979) ]. Sampling sites relevant to the present communication are added; 1. Homer (S. Alaska), 2. Resolute Bay (Cornwallis Island), 3. Godhavn (Disko Island), 4. Denmark, 5, Finland.
According to Dunbar (1953 Dunbar ( , 1979 the sea off the S. Alaskan coast cannot be considered subarctic (cf. Fig. 21 ) which means that Turrisphaera polybotrys, Quaternariella obscura and Papposphaera sarion are the only species listed in Table I which have only been observed in subarctic (and arctic) surroundings so far. Most likely future investigations will also demonstrate the presence of these species much further south in the Atlantic Ocean or in the North Pacific.
Two of the species listed in Table I have been observed in samples from both hemispheres. Pappomonas flabellifera was actually described on the basis of material from South Africa (Manton & Oates, 1975) . The West Greenland material referred to in the specific diagnosis was later given varietal status as P. flabellifera var. borealis (Manton et al., 1976a) . P. flabellifera var. flabetlifera is, however, not restricted to the southern hemisphere since several specimens have been observed in samples from Danish waters (Thomsen, unpublished) and also in West Greenland samples (present paper). Although the two varieties of P.
flabellifera are no longer geographically separated (formerly apparently belonging to different hemispheres) it still appears reasonable to keep them apart due to the obvious differences in coccolith appendage head morphology. Wigwamma annulifera was likewise typified by South African material but also recorded from S. Alaska (Manton et al., 1977) and from West Greenland (present paper). It may be added that Moestrup (1979) reported the presence of a Turrisphaera-like alga from New Zealand. However, the plant in question was not immediately referable to any of the previously described species of Turrisphaera, and future investigations may show it to be closer to Trigonaspis Thomsen (Thomsen, 1980a) .
Although our knowledge regarding the biogeography of these tiny organisms is increasing, much more sampling must obviously be carried out before more categorical statements regarding distributional limits of individual species can be made. From the above it is evident that sampling at low latitudes and throughout the southern hemisphere should be given priority. A very interesting problem concerns the degree of similarity, as regards species composition, between the northern and southern hemispheres. As emphasized by Manton et al. (1976a, b) , transit across the equator may be difficult for the plankton organisms that favour cold water. Taking into account, however, that the stability of the "arctic" coccolithophorid communities probably implies the development of life strategies which enable the organisms to survive through the long periods of darkness, it is not impossible that many of these organisms could also withstand transport through cooler (deeper) water at the equator far below the photic zone, and hence also be indigenous in southern hemisphere waters. To solve this problem deep wate? sampling in equatorial waters will be needed along with intensive sampling at southern hemisphere localities.
Considering the data presented in the present paper, it is also evident that sampling should generally not be restricted to the uppermost few metres but preferably cover the water column down to 100 m.
